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(57) Abstract

A method, apparatus and system for conducting assays of one or more substances of a fluid sample, which assays
are based upon biospecific affinity reactions and comprise the binding thereof to receptors immobilized to a carrier mate-
rial to form immobilized complexes, and the determination thereof. In the method the carrier material is provided in a co-
lumn and divided into at least one test portion, to which one or more receptors for the substance or substances to be deter-
mined are bound, and at least one reference portion, and, to effect said assay reactions, the necessary analytical solutions
are sequentially, and when required with intervening incubation, aspirated into the column, a subsequent addition of solu-
tion displacing the preceding one, and said determination is then conducted directly on the column by a comparative visu-
al or instrumental, such as a fluorimetric or colorimetric, determination of said test and reference portions. An apparatus
for carrying out the method comprises a column member (9) having an inlet opening (11) at one end thereof and contain-
ing a carrier material, said carrier material being divided into at least one test portion, to which one or more receptors for
the substance or substances to be determined are bound, and at least one reference portion, adapted to provide a reference
in said determination; and an aspirator and liquid collecting device (3, 4) connected or connectable to the other end of
said column member (9) and comprising a2 hollow member (3) having an axially movable plunger (3a), at least part of said
column member (9) being transparent to permit a comparative visual or instrumental determination of the material in said
test and reference portions directly on the column. A system for conducting such assays comprises said apparatus in com-
bination with measuring means adapted to the column member thereof for performing said comparative determination of
said test and reference portions.
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MetKod, apparatus and system for conducting
biospecific affinity assay involving column
with reference portion.

The present invention relates to a method for conducting analyses or
assays based upon biospecific affinity reactions, particularly multi-step assays, in
a simplified and more rapid way than before but with maintained reliability. The
invention also reiates to an apparatus and a system tharefor.

A great part of the biochemical tests which now are carried out in
clinical laboratories are based upon biospecific reactions, particularly immuno-
logical reactions, i.e. so-called immunoassays. These tests are generally so
complicated and time-consuming that in practice they may only be conducted in
special laboratories. In many situations it would, however, be desirable to be able
to quickly conduct such assays in an ordinary doctor's office. Attempts have been
made to simplify the test methods into so-called "doctor's office tests", but no
such analytical methods and systems have yet been developed that are
sufficiently simple, well functioning and reliable. There is therefore a need of
simplified methods and syStems which permit semi-quantitative or quantitative
biochemical assays of the above mentioned kind to be conducted quickly and in a
simple way in an ordinary doctor's office or in the field. '

The invention relates to such a simplified method as well as to an
apparatus and a system for carrying out the method, which method, apparatus
and system have the features stated in the accompanying claims and are
described in more detail hereinafter. '

The method, apparatus and system of the present invention are intended
for such analyses or assays wherein one or more substances in a fluid sample, €.g.
from blood serum, are determined by means of one or more biospecific affinity
reactions, the substance or substances to be determined being bound to carrier
immobilized receptors for the respective substance to form immobilized
complexes, which are then, depending on the particular analytical system used,
determined either directly, or after a developing reaction with an indicator
component or marker giving a detectable product, visually or by instrumental
means, such as photometrically, e.g. colorimetrically, fluorimetrically etc.

The term receptor as it is used in the present specification and claims
means a compound (structure) exhibiting a biospecific affinity to another
compound (structure), usually called a ligand. By definition the terms receptor
and ligand are interchangeable with each other, such that a ligand is an example
of a receptor, and vice versa.

As the carrier for the above mentioned receptors the prior art methods
of analysis have usually utilized small gel or cellulose spheres, polysaccharide
beads/particles, small paper discs, plastic surfaces or simply the inner side of a
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test tube. The previous methods have several disadvantages. Inter alia, many of
the methods require separation steps, e.g. centrifugation operations, which
introduce sources of error and may make additional apparatus necessary, which
normally is not available in an ordinary doctor's office. In case an active standard
has been used in the measurement procedure, such a standard has usually been
treated separately in a corresponding way as the sample. Examplary of prior art
methods are those disclosed in EP-A1-60700;, EP-A1-93613, US-A-3-,451,777 and
Us-A-4,294,317.

According to the method of the present invention the measurements of
both the sample and the standard are performed in one and the same reaction
vessel but in different zones thereof. To this end the reaction vessel is comprised
of a column containing a flow transmitting carrier material, preferably a
particulate material, the filled part of said column being divided into a test
portion, wherein one or more receptors for the analyte, i.e. the substance to be
determined, are bound to the carrier material, and a reference partion (or a
standard zone) eontaining the same or another carrier material. To carry out the
necesséry reaction steps the respective analytical solutions, i.e. the sample
solution and the necessary reagent and washing solutions, respectively, are drawn
sequentially, and when necessary with intervening incubation intervals, into the
column, such that a subsequent addition of solution displaces the preceding one,
whereupon the determination of the substance or substances in question is
performed by a comparative measurement of the above mentioned test and
reference portions directly on the column. ‘

The term "column', as it is used in the present specification and claims,
is to be interpreted in a broad sense and means any container or body member
that may be used for the purposes of -the invention irrespective of the shape
thereof. Thus, in addition to cylinder-shaped elements, e.g., also square or rectan-
gular cross~-sectional elements of the measuring cell type, etc. are included.

The above mentioned reference portion, which is intended to serve as a
reference or standard for the substance or substances to be determined, may
either contain a fix standard, e.g. a known or predetermined amount of an
indicator or a marker substance, or it may be adapted to provide said standard
during the assay, e.g. by coupling ta said column material a known quantity of
the substance to be determined, or of a substance reacting in the same way with
the reagent in question (indicator or marker). Thus, in, for example, an
immunological assay said substance should have at least one determinant or
epitope in common with the test.substance. If it is desired to determine the
mutual relationship or ratio of two components of a sample, said test portion of
the column may be adapted te bind to one component thereof and the reference
portion to bind to the other component.
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Said division of the column carrier material may be made either
“"vertically" or "horizontally", i.e. said separate material portions may be
arranged in a superposed relationship in the flow direction, or arranged in a
parallel relationship.

~ Based upon the above described concept an apparatus for conducting the
assays may be constructed, which apparatus according to the present invention
comprises .
a) a2 column member having an inlet opening at one end thereof and
containing a carrier material, preferably in the form of particles, which carrier
material has one or more first or test portions, wherein at least one receptor for
the substance or substances to be determined is immobilized, and one or more
second portions (of the same or another carrier material) providing said
reference portion or portions; and
b) an aspirator and fluid collecting device connected or connectable to one
end of the column member and comprising a hollow member having an axially
movable sealing plunger means therein, which plunger means preferably is
manually acttJab}_e, at least part of said column member being transparent to
permit a comb_éraﬁve visual or instrum‘ent'al determination of the column
material in said test and reference portions, respectively.

In a simple and advantageous embodiment of the apparatus of the
invention the aspirator and fluid collecting device thereof may consist of the

‘plunger/cylinder part of an injection syringe of a per_se known type, which is

arranged to be attached to the column member in any suitable manner, e.g., with
a snap lock. A stop means may optionally be provided for the plunger means to
only permit movements thereof in the aspirating direction. Appropriate markings
for the desired volumes of the various analytical solutions for a particular assay
may, for éxample, be provided on the syringe cyiinder.

To facilitate the manual operation of such an apparatus at least the
syringe part thereof may be supported in a handle or an adapter having a suitable
actuator means, e.g. readily accessible to the thumb, in operative engagement
with the plunger and by which the syringe plunger may be moved in a more
controlled manner, such as, e.g., a gear wheel/rack transmission. A gear unit may
optionally be provided to reduce the plunger movement obtained by the
transmission of a certain thumb movement thereto, thus permitting smaller
plunger movements and thereby a greater accuracy. The handle or adapter may
also be arranged to give off a snapping sound or the like, when the required
volumes of sample, washing solution and reagents, respectively have been
achieved. Instead of the above mentioned gear wheel/rack arrangement any other
suitable drive means, such as, e.g. a biased spring device, may, of course, also be
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The determination or measurement, of the test and/or reference portions
of the column may, as mentioned above, be effected visually or instrumentally,
e.g. by photometric means. In the latter case, i.a. depending on the particular
immobilized complex formed and/er the particular indicator substance used, (i.e.
whether a colour, fluorescent, phosphorescent, luminescent, etc. system is
obtained) any suitable instrument of a per se known type may be used such as
colorimeters, spectrophotometers, fluorimeters, phosphorimeters, etc., which,
however, should be suitably adapted to the respective measurement on said
column member.

A system for conducting the intended assays thus may comprise, in
addition to said apparatus, photometric measuring means as above. Such a system
may conveniently by automated by also providing plunger drive means for
operative engagement with the plunger means of said apparatus, fluid distri-
bution means to be connected to the column member of said apparatus for
dispensing the analytical solutions, and control means, such as a computer means,.
for controlling said system components. L

Examples of tests, for which the method and apparatus.bf the invention
may be used, comprise those based upon immunological reactions, such as the
reaction of antigen (or hapten) with antibody, and other biospecific affinity
reactions based upon other receptor-ligand interactions, e.g., enzyme reactions,
such as enzyme-substrate or enzyme-coenzyme, lec¢tin-sugar, protein A-Fc-part

" of IgG, biotin-avidin, neurotransmitter/receptor reactions, such as acetylcholin-

acetylcholin receptor, etc. The tests may in conventional manner be performed
non-competitively as well as competitively. ;

The invention is particularly well suited for multi-step analytical
systems, e.g. of the so-called sandwich type, i.a. wherein the substance (ligand)
to be determined is bound biospecifically between two reactants (receptors).
This is particularly the case for variocus immunoassays based upon said sandwich
principle. For example, such an immunoassay may readily be conducted,- e.g. on
blood plasma, with an apparatus according to the invention, wherein the column
member contains a suitable carrier material, which as described above in a
portion thereof in per se known manner supports a receptor for a substance to be
determined in the samplé, and in another part of the column supports a known
quantity of said substance to be determined or of a substance having a
corresponding reaction specificity, such as discussed abeve, intended to be used
as a standard in the measuring step. The carrier material of said two column
portions are preferably separated by a suitable filter or by a layer of carrier
material without any immobilized reactant. In operation a suitable sample
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amount is aspirated into the column (according to a marking on the syringe
cylinder or in any other suitable way) and is allowed to incubate for a sufficient
period of time. A proper amount of washing solution is then aspirated into the
column to displace the sample solution, followed by a sufficient amount of
indicator solution, e.g., containing a reactant of a suitable biospecific affinity
and provided with, for example, a chromophoric, fluorescent, chemiluminescent
or enzymatically active group, e.g., an enzyme conjugate of an enzyme with an
antibody capable of binding to the substance to be determined. After a possible
incubation for the indicator reagent to bind sufficiently, on one hand, to the
sample substance which has been attached to the receptor of the column test
portion and, on the other hand, to the predetermined amount of said substance,
or analogue thereto, immobilized in the reference portion of the column
material, a suitable amount of washing solution is again aspirated to displace the
indicator reagent solution. In the case of enzyme reagents for fluorimetry, for
example, a substrate solution is first aspirated which by the action of the enzyme
produces a fluorescent product, whereupon the fluorescent activity of the test
and reference portions of the column are determined by measurements directly
on the column by means of a suitably adapted fluorimeter and the values
obtained are compared whereby the contents of said substance in the sample may
be calculated. K desired, the sample and indicator reagents may at least for
certain combinations thereof be mixed with each other before being drawn mto
the column. : )

In many tests it is only interesting to know if the concentration of a
certain substance of a sample is above or below a certain level, and a quantity of
said substance, or analogue thereto, which gives a signal corresponding to said
level in the measuring step, is then selected as said standard amount in the
reference portion of the column.

From the above it appears that the method and the apparatus of the
present invention provide an analytical means, which is simple and quick to
perform with a minimum risk of mistakes by the operator and which consequently
may be readily performed by a doctor or a nurse in an ordinary doctor's ofizce.
Due to the fact that all the aspirated solutions are retained in the syringe
cylinder during the whole procedure also the "splashing" with soclutions is
minimized. Further, the feature of aspirating the sample into a column provides
an advantageous concentrating effect of the substance to be determined.

Semi-quantitative as well as quantitative analyses or assays may well be
carried out with the present method and apparatus. In addition the measuring
device, i.e. a photometer, such as a tluorimeter, etc., which may be necessary
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may have a relatively simple construction and may therefore be made inexpensive,
Preferably, the measuring device is integrated with computing means, such as a
microcomputer, for quantification of the test results, which, e.8., may be
presented on a display. For such semi-quantitative analyses where it is only
5 desired to know whether the contents of a substance in a sample is above or
below a certain level, one or more light signal generating devices are preferably
provided, which light to indicate a positive and/or negative reply to the analysis.

If desired, the method and the apparatus according to the invention
permit several substances to be determined simultaneously by dividing the test

10 portion of the column into several parts for different receptors, and, when
necessary, dividing the reference portion of the column into a corresponding
number of portions having different standards. '

The choice of carrier material for the column is not critical per se. The
carrier material must, however, provide a large contact surface, give a low

15 background signal, have a high capacity for covalent coupling of receptor and
. provide good flow properties. Suitable carriers are in many cases those used for
affinity chromatogréphy. Preferably, the material characteristics are such that
substantially Hiffusion independence is obtained for the different reactions. For a
more detailed discussion of such diffusion independence it is referred to, e.g., our

20 PCT publication WO 84/03150 (the disclosure of which is incorporated herein be
reference), . . o

.The suppoft material should be porous and/or particulate and may, e.g.,
be selected from those based upon dextran, polyacrylamidé, polystyrene, glass,
etc., e.g., particulate agarose. A suitable particle size for particulate material is

25 1-200 micrometers, preferably 20-150 micrometers.

The method and the apparatus of the invention are, for example,
excellently suitable for a rapid or screen test of allergies. As is well known
hypersensitfvenss to & certain allergen of the blood produces antibodies of the
IgE type which are specific to the allergérjn. The well-known Phadebas RAS

30 test (Pharmacia AB, Sweden) is based upon this- phenomenon. With sajd test one
may directly from a blood sample taken from a patient determine whether the
patient is allergic to specific substances. The principle of the Phadebas RAS
test is the same as for a conventional immunoassay of the sandwhich type. A
serum sample from the patient is contacted with a paper piece to which an

35 allergen is coupled. Hereby only those allergens are bound which are specifically
directed against the allergen in question. The other IgE molecules of the sample
are removed by decanting and washing, and radioactively labelled antibodies
against IgE are then added to the paper piece. The antibodies are bound in
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proportion to the the serum sample amount of IgE which is specific to the
allergen. By measuring the radioactivity of the paper piece a direct answer is
obtained indicating if a patient has specific IgE against the allergen coupled to
the paper piece. Instead of the radioactively labelled antibodies an enzyme
conjugate of an enzyme with an antibody may be used, "developing" being
eifected by means of a substrate which by the action if the enzyme produces e.g.
a colorimetrically or ﬂuorimetricaﬂy detectable product. This conventional test
is relatively complex and time—consuming and may therefore only be conducted
in special laboratories.

A corresponding screen test to rapidly determine whether a patient has
an IgE-mediated allergy may conveniently be performed with the method and the
apparatus according to the invention. For this purpose a column is used whose
test portion has a suitable allergen mixture, e.g., containing 5-15 different
allergens, coupled to the carrier material, while a known amount of IgE is
coupled to the carrier material of the reference portion of the column. The
amount of IgE coupled to the reference portion is in this Case selected such that
when éarr‘ying out the method the signal obtained from'the reference portion
corresponds to the so-called "cut-off" value, which has been set statistically to
catch as many allergic subjects as possible without too many false positive
results. If the tested sample corresponds to allergy the amount of IgE taken up by
the test portion will cause a signal which differs from that produced in the
reference portion. Then one proceeds in the same way as described above to
conduct an immunoassay according to the invention, -i.e. -by successively'
aspirating, and when necessary incubating, whole blood or plasma from a blood
sample from the patient, reagent solution, washing solution, and, depending on
the indicator, possibly a developing substrate solution. A measurement is then
performed directly on the column, visually or with a suitable photometric means,
such as a fluorimeter, colorimeter, etc. to determine the indicator signal of the
column test portion in relation to that of the column reference portion. If the
result is positive, it means that the patient is allergic to one or more of the
allergens. A more definite determination of the specific allergens to which the
patient is sensitive may be performed in a correspdnding manner with another
column(s) having a reduced selection of allergens coupled thereto or in a special
laboratory.

To determine whether a condition of a patient depends at all on an
allergy a determination of total IgE may be effected by proceeding in the same
way as above but, instead of the allergen mixture, coupling antibodies against IgE
to the carrier of the.column test portion. Such a determination of total IgE may
optionally take place stmultaneously with the test for allergen specific IgE by
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utilizing a three zones column having an allergen zone, an anti-IgE zone and an
IgE zone. _

If desired, it is, of course, also Possible to test with respect to severa]
such allergen mixtures at the same time or with respect to invidual allergens by,
as mentioned above, di\(iding the test portion of the column into several
Separate parts. In addition to achieving such a division through separate
Superposed carrier material layers the carrier material may also, as mentioned
above, in Per se known manner be divided into Separated paralle] segments.

Further examples of substances which may be determined are teophyllin, digoxin
and glycosylated hemoglobin. In the last-mentioned case it is usually the ratio of
8lycosylated +to non-glycosylated hemoglobin that is of interest. Such a
determination may, e.g., be performed by using a borate group containing

hemoglobin. After said uptake in the resj:ective column portions the desired'ratio
may be obtained by, for example, g colorimetric¢ comparison between the
respective column layers.

In microbiological contexts the invention may, e.g., be used to determine
the presence of various bacteria antigens In',._ for example, samples of ‘various
body fluids, but also antibodies directed against such antigens may be
determined. )

Hereinafter particular embodiments of the apparatus according to the
invention, to which it, however',' Is not restricted in any way, will be described
with reference to the accompanying drawings, wherein .

Fig. | is a side-elevational view, partially in section, of an embodiment
of an apparatus according to the invention,

Fig. 2 is a longitudinal sectional view of the column part of the apparatus

Fig. 4 is a bottom view of the adapter part of Fig. 3, }

Fig. 5is a perspective view of a measuring device adapted for use in the
method according to the invention,

Fig. 6 is a schematic representation of an automated system according to

the invention,
Fig. 7 is a side-elevational view, partially in section, of a modified




WO 86/03589 PCT/SES85/00504

10

15

20

25

30

35

9
column end part, adapted to the automated system of Fig. 6,

Fig. 8 is a graph showing the sample/reference signal ratio piotted
against allergen specific IgE concentration of a sample, and

Fig.9is a corresponding graph as Fig. 8 for total IgE.

The apparatus of Fig. 1, generally designated by the reference numeral |,
comprises a column member 2 provided with a cannula and connected to a
syringe member 3 supported in a manually Mmanoeuvrable adapter or "pipette" 4,
The column member 2, which will be described in more detail below in
connection with Fig. 2, is filled with a carrier material (not shown). The syringe
member 3 may suitably consist of the plunger/cylinder part of a conventional
injection syringe and is removably attached to the top end or end part 5 of the
column member by press fitting., The top end of the syringe 3 is fixed in the
adapter 4, via the support flange 6 of the syringe cylinder and the operating
flange 8 of the plunger 7, as will be described in more detajl in connection with
Fig. 3.

Fig. 2 shows the design of the column member 2 of Fig. | in more detail.
As shown it consists of a column tube 2, to the end of which a top part 10
provided with a cannular tube 11 Is removably attached. To this end the top part
10 is pfovided with an end section I2 having substantially the same diameter as
the inner diameter of the column tube 9 and arranged to be fixed therein by br-e'ss
fitting, a shoulder portion 13 thereof abutting the end of the column member 9.
In the upper part (i.e. the right part in Fig. 2) of the top piece 10 the bore of the
cannular tube 11 widens continuously to provide a smooth transition to the inner
wall of the column tube 9. The other end section of the column tube 9 has a
larger inner diameter than the main part of the tube to receive a filter 14, e.g.

-of polypropene, filter paper or the like, and optionally a net 135, e.g. of nylon. The

filter and net, respectively, are retained in position against the shoulder portion
16, provided by said diameter change, by means of the above mentioned end
biece 5, whose outer diameter of the corresponding end portion is adapted to
permit the fitting thereof into the column tube, Securing of the end piece 5 is
accomplished by snapping the free tube edge 9a, extending beyond 2 flange
portion 17 of the column tube 9, into a corresponding groove 5a in the flanged
end portion 18 of the end piece 5 such that the opposed flanges abut each other.
As mentioned above the end plece 5 is adapted to receive and fix the syringe 3 of
Fig. 1, which, e.g., is an ordinary disposable hypodermic syringe, by pressing the

‘cannula attachment part thereof into the slightly cone-shaped central bore 19

and snapping it fast. To improve the flow configuration in the transition between
the tube 11 and the column tube 9, a plug 20 of a very porous material, e.g. Vyon,
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is preferably provided and restricted by means of a filter 2|, e.g. of
polypropene, filter paper, etc, Between the filters 21 and 14 the column material
to be used in the device is packed and divided into two layers (not shown for
clarity) separated by another filter 22, e.g., also of polypropene, filter paper,
etc., as will be further described below. To permit a direct visual or
instrumental, e.g. colorimetric or fluorimetric, determination on the column
material in accordance with the invention, the colurmn tube 9 is made of a
transparent material. The preferably transparent cylinder of the syringe 3 s
provided with éppropriate volume markings {not shown) for the various analytical
fluids of the particular analytical system used as will be described in more detai]
below. . ' .

As best appears from Fig. 3 and 4 the adapter 4 consists of a Cylindrical

casing 23, in which a plunger member 24 attached to an operating rod 25 is

slidably mounted. The operating rod 25 is provided with a longitudinal, central

rack 26, which in the top part (i.e. to the right in Fig. 3) of the adapter 4 engages

a gear wheel 27 integral with-a thumb wheel 28 (Fig. %) and designed to be

raotated by the thumb. The thumb wheel 28, and thereby the gear wheel 27, are

rotatably mounted in two bracket members 29 projecting on the outside of the

adapter 4 and extend through an upper recess or opening 30 into engagement

with the rack 26. As appears from Fig. 4 the thumb wheel 28 consists of two

wheel portions 31, arranged on either side of the gear wheel 27 to straddle the

rack 26 and thereby simultaneously provide a guide means for the operating rod -
25. By moving the ‘thurnb wheel 28 the plunger member "2¢ may- thus be moved

along the adapter. A lower recess 32 of the adapter casing 23 extends up to the

bottom end (i.e. the left end in Fig. 3) of the adapter ¢ and is designed to permit

the above mentioned insertion and fixation of the top. of the syringe 3 in the

adapter 4, the casing 23 thereof being provided with a transverse groove 33,

adapted to receive the support flange 6 of the syringe cylinder. A corresponding

groove 34 for the operating fiange £ of the syringe is provided in the lower part

of the plunger member 24 as well as a recess 35 for the syringe cylinder. Due to

said fixation of the syringe cylinder in the adapter casing 23, and of the syringe

plunger rod 7 in the movable plunger member 24 of the adapter, any movement

of the thumb wheel 28 will directly be transferred to the plunger 3a of the

syringe 3. To. increase the accv.‘u'acy of the operation of the. syringe plunger the

adapter 4 may in a sophisticated variation thereof be ' provided ‘with a

transmission gear such that the plunger movement obtained when moving the

thumb wheel 28 is transferred to the syringe plunger 3a. Further, if desired, the
adapter 4 rr;ay be provided with a releasable lock means which only permits
movement of the plunger member 24 in the aspiration direction of the syringe
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plunger.

The measuring device illustrated in Fig. 5, generally designated by 3s,
may be any suitable photometric means, such as ga Spectrophotometer, a
fluorimeter, a colorimeter, etc. depending on the possible marker used and
thereby the wavelength selected for the measurement. (The term photometric
means as used herein is meant to comprise any instrument for the measurement
of selective absorption or emission of radiation, such as colorimeters, spectro-
photometers, fluorimeters, phosphorimeters, luminescence 'meters, etc.). The
device 36 comprises a Cuvette section 37 having a vertical éylindricaf measuring
chamber 38 designed to receive the column tube 9 of the device I (Fig. 1). 39
designates an operating and reading section. The measuring device 36 may be of
a conventional type having, for example, a dual beam path for simultaneous
measurement of the test and reference portions, respectively, of the column.
Preferably 'a microcomputer for processing the test dats is included. The
presentation of the results may be effected on. a display, or, if it is only desired
to find out whether the contents of a substance in a sample is above or below a
certain level, as in ‘the illustrated casé by means of suitable lamps or light

To conduct an allergy test with the apparatus and system of the
invention shown in Fig. 1-5 one may proceed as follows:

The column tube 9 is first packed in a per se known manner with, on one
hand, a carrier material, e.g. Sepharose (Pharmacia AB, Sweden), having an
allergen mixture,'which, €-g., may contain up to 15 different allergens, coupled
thereto, and, on the other hand, separated by means of the filter 22 in Fig. 2, the
same carrier material to which IgE has been coupled. Then the column member 2
is fixed to the syringe 3, which, €.8., may be a disposable type syringe having a
capacity of, for example, 2.5-5 ml, which in turn is engaged in the adapter 4, as
described above, with the plunger 3a of the syringe 3 in its initial position, as will
be described below. The apparatus | is then ready for use.

A suitable reagent set for the assay may, for example, be provided in a
blister frame. The reégent solutions may for the particular assay be, in the order
of use, transport buffer, washing solution, e€nzyme reagent solution (provided that
an enzyme marker is used), washing solution and substrate solution..

A blood sample is taken from a patient, capillary or venous, e.g., 0.3-
I ec, whereupon the blood is transferred into a centrifuge tube and centrifuged
at a suitable speed during, e.g., about | minute. Alternatively, the blood is only
filtered prior to use in the assay.

The syringe 3 is initially filled with a certain volume of transport buffer,
€.g8., about | ml. The apparatus is therefore first set in zero position by rotating
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the thumb wheel 28 of the adapter 4 until the plunger 3a of the syringe 3 has
reached its bottom position.. Hereby the system is "degassed" before the actual
test procedure will be effected. Optionally, the adapter 4 may, as mentioned
above, be arranged such that a snapping sound or the like also indicates that the
required liquid volume has been achieved. Then blgod plasma is carefully
aspirated from ‘the céntrifuge tube, without disturbing the layer of .red blood
cells, by rotating the thumb wheel 28 until the syringe plunger reaches the next
marking on the syringe cylinder. Washing solution is then aspirated by rotating
the thumb wheel further and thereby moving the syringe plunger 3a to the
marking indicating the correct volume. Reagent solution is then aspirated in the
same way, and the whole device 1 is then placed into the holder means of the
measuring device 36 and incubated for a suitable period of time, e.g., about I5-
30 minutes.

After said incubation washing solution is again aspirated through the
column by rotating the thumb wheel 28, and the necessary volume of substrate
solution is then aspirated into the column. After possible incubation the
apparatus 1 including the column tube 9 is placed into the recess 38 of thé
Cuvette portion 37 of the measuring device. The measuring device 36 is then
activated for measurement, Whereuppn a positive or negative result may be read
on the reading or display section 39 thereof.

' For an allergy test as described above the standard amount of IgE in the

column is selected to a suitable "eut off" level corresponding to a c:lihica.lly well

documented IgE level for screening, -

Suitably also a test for total IgE is conducted by proceeding in the same
way as above, but replacing the allergen mixture Coupled to the carrier material
by antibodies against IgE.

For analyses or assays where the substance to be determined is present in
relatively small concentrations a syringe 3 of greater capacity may be used to
obtain a greater concentrating effect when adsorbing the substance in question
onto the column carrier material.

It will be appreciated that the above described measuring system easily
may be automated, utilizing the microcomputer of the measuring device for the
confrol, by providing means for driving the plunger of the syringe 3 and
connecting the cannular tube |1 by means of a suitable tube and valve system to
the various analytical fluids concerned.

An example of such an automated system will be described hereinafter
with reference to Figufes 6 and 7. The system schematicaily represented in Fig.
6 comprises a fluorimeter unit 41, a plunger drive unit 42, a solution distribution
means 43, a microcomputer &4 and and display section 45,
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For use in this automated system no adapter js required for the
column/syringe assembly, designated by the numeraj 46 in Fig. s. Further, the
top or end piece 47 of the column part thereof is modified with respect to that of
Fig. 1-4 in that the cannular part |] of the column of Fig. 2 has been replaced

column/syringe assembly 46 to Position and retain the column thereof in the
beam path of the fluorimeter unit %1, i.e. in the measuring chamber or "cuyvetten

desired preset solution volumes into the column.

The solution distribution means 43 comprise a valve 49 and a comb-like
member 50 having a Plurality of cannulae 51, in the illustrated case six. The
main port 52 of the valye 43 is connected to said modified top piece 47 of the
column (Fig. 7), such as by tubing 33. In the illustrated case the main port 57 may
be communicated wi'th eight different ports. Six of these ports, designated by the
numeral 54, are connected to a respective cannula 51 of the comb-like member
50 by tubing 55. The seventh valve port 56 js utilized for intake of air, and the
eighth port is connected to the rear side of the apparatus and may be used as a

drain. Suitable actuator means for the valve 43 gare connected to the

to be conducted.

The fluorimeter unit 41, which is of the dual beam path type with the
beam paths aligned with the column test and reference portions, respectively,
comprises a suitable light source 57, such as a halogen lamp, a monochromatic
lens 58, an excitation filter 59 and two convergent lenses 60, all arranged in line
transversely to the column/syringe assembly 46 on the fluorimeter excitation
side. On the emission side of the fluorimeter (perpendicularly to the excitation

detectors 62, such as light-sensitive diodes, to detect the radiation emitted by
the column when irradiated with the excitation light from the light source 57.
The detectors 62 are connected to a preamplification circuit 63, which together
with said lamp source 57 are connected to the microcomputer 44,

In use, the operator of the System only need to place the column/syringe
assembly 46 into the receiving part therefor of the apparatus and to place the
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comb-like member 50 such that the cannulae 51 thereof extend into the
respective solution chambers of a reagent container 64 (one chamber thereof
containing the sample to be testéd), and to push the start button. The whole test
procedure is then automatically effected under the control of the microcomputer
5 44, the test resuit being displayed on the display section 45. Thus, the
microcomputer 44 will control the step motor 48 and solution distributién means
43 to sequentially aspirate the sample and necessary reagent solutions into the column/-
syringe assembly #6. The fluorimeter unit 41 will monitor the reaction in the test
and reference zones of the column and compare the respective levels obtained.
10 A ratio is calculated, and positive and negative answers are provided on the
display 45, depending on whether the result is above or below 1. The computer
may, of course, also be programmed to detect any errors of the analytical
process or of any of the instrument parts, an error signal then being displayed on
the display section 45.
15 In the following the invention will be illustrated further by means of an
example describing the performance of an allergy test in more detail.
EXAMPLE '
A device according to Fig. 1-4 was used, the column tube 9 being of
polystyrene and having an inner diameter of 4 mm and a wall thickness of
20 1.2 mm. The carrier material space confined between filter paper filters 14 and
21 was about 120 pl. The syringe 3 was a conventional 3 ml injection syringe. The
detector part of the measuring device comprised a fluorimeter unit and a UV
. lamp. The measurement was made at an approximate average excitation wave
length of 360 nm and an approximate average emission wave length of -450.nm-.
25 o Preparation of allergen solution "
100 g of pollen (Allergon AB, Vellinge, Sweden) was extracted with
1 liter of phosphate buffer, pH 7.4. The liquid phase was separated off and
desalted on a Sephadex™ G-25 column (Pharmacia AB, Sweden) equilibrated with
0.1 M NaHCO3, pH 8.0. Elution was effected with the same buffer and followed
30 on a UY-monitor. Fractions having an absorption at 280 nm were collected and

combined.
Coupling of allergen solution to the column matrix
1,43 g of dry CNBr-activated 'Sepharose® 4B Fast Flow dry gel
(Pharmacia AB, Sweden) Were swollen for 15 minutes in 50 ml of ImM HCI(1.43 g
35 of dry gel is required for 5 ml of sWolleq gel.) The gel was washed with I mM HC|
on a glass-filter No. 3 (200 ml/g gel) in small portions. One part of gel and two
parts of allergen solution were incubated for 2 hours with vertical rotation at
room temperature, or over night with vertical rotation at +4°C. The coupling
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reaction was interrupted by centrifugation at 3-4000 rpm for 15 minutes, and the
coupling solution was discarded.

The gel was washed twice with two parts of coupling buffer (0.1M
NaHCO3, pH 2.3, with 0.5M NaCl) by mixing and vertical rotation for 5 minutes.
After centrifugation the coupling buffer was aspirated and the wash procedure
repeated. After the second wash Step the gel was incubated with two parts of |M
ethanolamine, pH 8.0, over night with vertical rotation at +8°C,

The inactivation was interrupted by washing twice with four parts of
coupling buffer on a glass-filter No. 2. The gel was washed three times as
follows, Four parts of 0.1 M acetate buffer with I M NaCl, pH. 4.0, and four
parts of 0.1 M NaHCC)3 with 1 M NaCl, pH 8.3, were aspirated through the gel in
small portions on a glass-filter No. 3. A final wash was performed with 0.1 M

' NaHCO3 with | M NaCl, pH 8.3. The gel can be stored in RAS buffer No. 3

(Pharmacia AB, Sweden) at +4°C,
Coupling of IgE to the column matrix

Myeloma IgE (prepared according to the process described in U.S. patent

3,720,760) was coupled to CNBr-activated Sepharose™ 4B Fast Flow (Pharmacia

AB, Sweden) in the same way as above. The selected amount of IgE corresponds

to the cut-off concentration.
Packing of column

AJ.[ergen-Sepharose® and IgE-Sepharos;®prepared as abov,e'were packed
in one zone each of the column tube 9 between the filters 21 and 14 (Fig. 2), the
two zones being separated by the filter 22 (filter paper).

Preparation of sample

A blood sample was taken from a patient and centrifuged in a 400 nl

centrifuge tube for about 60 seconds at 10.000 rpm, whereupon the plasma was

withdrawn,
Analytical solutions
a) Washing solution
NaCl 58.5¢g 1.0M
Tween® 20 10 m! 1.0%
Bacteriostat, e.g. 0.15%
Kathon

HZO added to 1000 mi

b) Enzyme conjugate:
Anti-IgE-B-galactosidase conjugate from Phadezym® RAST (Pharmacia
AB, Sweden) and dissolved in the buffer: '
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NajHPO, x 2 H,0 16.57 g} ol i
NaHzpo# xH,0 1.89 g
MgCl, x 6 H,0 0.48 g ‘2mM
HSA Zllg 0.2%
NaCl 6.16'g 0.1 M
Bacteriostat, e.g. - 0.15%
Kathon
Sucrose 526 ¢g

HZO added to 1000 ml
Substrafe- 0.3 mM 4-methylumbelliferyl-8- -D-galactoside in P-buffer,

pH 7.4, prepared by adding 0.01Q g of 4-methy1umbelhferyl—B—D—galactosxde to
100 ml of P-buffer: :

#'
5.
6.

Na,HPO, x2H,O0 - 7.6gY

2 4 2 0.5 M
KH,PO, 10g )
NaCl 9.0¢g 0.9%. .
MgCL, x 6 H,0' 0.2g : © . 0.02%
Bacteriostat, e.g. ) .
Kathon 0.15%

HZO added to 1000 ml
Test procedure
Test for allergen specific IgE
100 pi of patient serum is aspirateq into the column.
After | minute 0.6 ml of the washing solution is aspirated through the

column, .

100 pl of enzyme conjugate is aspirated into the column and incubated
for 15 minutes.

2 ml of the washing solution is aspirated through the column.

200 pl of substrate is aspirated into the column. '

The column is placed into the measuring device which indicates if the
sample is positive or negative. '

Fig. 8 shows a graph obtained by performing the above test for a number

of samples and plotting the ratio of the fluorimeter readings obtained for the
sample and reference, respectively, against the IgE contents of the samples as
determihed by the conventioneal Phadebas RASTY test (Pharmacia AB, Sweden).
Also a cut-off line is indicated. '

Total IgE

The column is prepared~ in the same way as above except.that the
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allergen coupled material is replaced by CNBr-activated Sepharose®—4B Fast
Flow, to which anti-IgE has been coupled in the same way as above. Then one
proceeds in the same way as in points 1-6 above.

In the above described manner one obtains in a considerably simpler and
more rapid way as reliable results as with the conventional Phadebas RAS
test, which i.a. requires incubation over night.

Fig. 9 shows a corresponding graph as Fig. 8 for total IgE (however in

- semilogarithmic form).

The invention is, of course, not restricted to the above described
embodiments thereof, but many modifications and variations may be made
without departing from the inventive concept as defined by the accompanying
claims.
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CLAIMS
L. A method for conducting assays of one or Mmore substances of a fluid
sample, which assays are based upon biospecific affinity reactions and comprise
the binding of said substance or substances to receptors immabilized to a carrier

material to form immobilized complexes, and the determination ithereof,
characterized by providing said carrier material in a column element, wherein

receptors for the substance or substances to be determined are bound, and at
least one reference portion, and, to effect said assay reactions, sequentially, and
when necessary with intervening Incubation, drawing the respective analytical
solutions into the column, such that a subsequent addition of solution displaces
the preceding one, and then performing said determination directly on the
column by a comparative visual or instrumental determination of said test and
reference portions.

2. The method of claim | ’

mined quantity of the substance or .substances to be determined, or of a
substance having & corresponding reaction specificity.

3. The method of claim | or 2, characterized in that it comprises reacting
said carrier immobilized complex with a marker solution to form a marker
labelled complex, which complex, when necessary after g develaping reaction, is
detected directly or indirectly in said determination.

4, The method of claim 1,20r 3,

material are superposed layers thereof, optionally separated by a filter member
or by a layer of non-coupled carrier material,

3. The method of any one of claims 1 to 4,
characterized in that said carrier material is particulate agarose, preferably
having a particle size of 1-200 micrometers.

6. The method of any one of claims | to 5,

carrier material of said at least.one test portion of the column supporting one or
more different allergens and said at least one reference portion of the column
supporting a predetermined quantity of immunoglobulin E.

7, An apparatus for conducting biochemical assays of substances of fluid

samples,
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characterized in that it comprises )

a column member (9) having an inlet opening (11) at one end thereof and
containing a carrier material, said carrier material being divided into at least
one test portion, to which one or more receptors for the substance or substances
to be determined are bound, and at least one reference portion, adapted to
provide a reference in said determination; and

an aspirator and fluid collecting device (3, 4) connected or connectable
to the other end of said column member (9) and comprising a hollow member 3
having an axially movable plunger means (3a) therein, at least part of said
column member (9) being transparent to permit a comparative visual or
instrumental determination of the material of said test and reference portions
directly on the column.

8. An apparatus according to claim 7,
characterized in that said aspirator and fluid collecting device (3, 4) comprises
the plunger/cylinder part of an injection syringe (3).

9. An apparatus according to claim 7.or 8,
characterized in that said aspirator and fluid collecting device (3, 4) is manually

operatablé.

10, An apparatus according to any one of claims 7 to 9,

' L )
characterized in that it comprises a gear wheel/rack assembly (26, 27) for
moving said plunger.

11, "A system for conducting biochemical assays -of substances of fluid
samples,

characterized in that it comprises the apparatus of any one of claims 7-10 and
photometric measuring means (36; 41) having a measuring chamber for receiving
the column member (9) of said apparatus, said measuring chamber comprising
respective measuring sections corresponding to said test and reference portions
of the column.

12. A system according to claim 11,

characterized in that it further comprises plunger drive means (42) for operative
engagement with said apparatus, fluid distribution means (43) for connection to
said apparatus, and control means (44) for controlling one or more of said
photometric means (36; 41), plunger drive means (42) and fluid distribation means
(43).

13. A system according to claim 1] or 12,
characterized in that said control means (44) comprise a microcomputer.
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